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| NTRODUCTI ON

The Arnmy owns just over 4,500 kilometers (2,800 mles) of heat

di stribution system (HDS) piping according to the FY96 Annual
Summary of Operations (Redbook)™. HDS supply pi pes convey steam
or hot water froma central heat plant to the buildings where it
can be used for space heating, industrial processes, production
of donestic hot water, sterilization, or other processes that
require heat. After the heat has been extracted, return piping
usual ly transports the water or condensate back to the centra
heat pl ant.

Interruptions in heating service can adversely inpact the

m ssion, result in inconveni ence and di sconfort for personnel,
and cause damage to equi pnent and facilities (such as building
pl unbi ng that freezes and bursts). Unfortunately, many of the
Arny's HDSs are in fair to poor condition and are continuing to
deteriorate. This not only decreases their reliability, but also
can result in high maintenance costs and hi gh energy | osses.
(FY96 heat system operating costs totaled $446 mllion, and

mai nt enance and repair (M & R) costs were $81 million.) High
energy losses in HDSs will make it nore difficult to neet the
requi renents of Executive Order (EO 12902, AEnergy Efficiency
and Water Conservation Act Federal Facilities@.? Using FY85
statistics as a baseline, this EOrequires federal facilities to
reduce energy usage by 20% by the year 2000 and 30% by 2005.

Several general trends contribute to the problens wth HDSs:

- Operation and mai ntenance (O & M budgets are decreasing.

- Utility projects are difficult to Asell@ to budget deci sion
makers because the systens are Aout of sight-- out of m nd@
until there is a problem

- Manpower is decreasing due to reductions in force.

- Alnstitutional know edgel about installation facilities is
being | ost as experienced workers retire or are laid off.



These trends have forced many facilities engineers into a node of
crisis managenent (i.e., Af it isnst broken, dont fix it@). This
is usually not the nost cost-effective way of doing business in
the long term Unfortunately, the general trends outlined above
are not likely to change very nuch in the near future.

ENG NEERED MANAGEMENT SYSTEMS

The fact that Arnmy facilities engineers are facing the probl ens
outlined above inplies that they need tools to (1) help them

per suade deci sion-makers to fund infrastructure repair and
rehabilitation projects, and (2) help them allocate those
resources where they will produce maximumresults. The U S.
Arny Construction Engi neering Research Laboratories (USACERL) is
devel oping a famly of such tools called Engi neered Managenent
Systens (EMSs). EMSs are being devel oped for a variety of
facilities at Arny installations including transportation
systens, utility systens, and buil di ngs.

Al of the EMss follow a simlar, proven approach to facilities
managenent. Each EMS contains several common el enents. These
are (1) inventory, (2) inspection, (3) condition assessnent, (4)
condition prediction, (5) maintenance and repair (M& R

requi renents identification/ work planning, and (6) project
formul ation. These elenents will be defined and illustrated in
the foll owm ng sections describing the HEATER EMNS.

EMS software specifications have been devel oped to ensure that
all EMSs have a simlar Alook and feel@ to the user. This

m nimzes training costs and increases user satisfaction. The
specifications are based on object-oriented programm ng concepts.
Devel opnent costs are reduced using nodul ar software
architecture, standardi zed comruni cati on protocols, and reusable
sof t ware conponents.

HEATER OVERVI EW

The HEATER EMS includes systematic procedures for identifying and
prioritizing HDS mai ntenance and repair needs, as well as for
quantifying the consequences of not perform ng the reconmrended
actions. HEATER includes |low, nedium, and high-pressure steam
di stribution systens and condensate return, as well as |ow and
hi gh-tenperature hot water distribution systens. HEATER

devel opnment is being given high priority because of the high
payback on heat distribution system nmai ntenance and

noder ni zat i on. HEATER i s bei ng devel oped in the Visual Basic
progranmm ng | anguage and utilizes Mcrosoft Access as the

dat abase manager



HEATER i ncor por ates Washi ngton State University:s Heat Map program
to provide flow, pressure, tenperature, and heat |oss analysis
for the HDS. HeatMap is used to design new distribution systens,
nodel the operation of existing systens, and provi de Aut oCAD
based system maps. HEATER is therefore a conprehensi ve HDS
managenent tool that covers design, operation, maintenance, and
repair. A schematic of the HEATER systemis shown in Figure 1

HEATER is currently being inplenented at Ft. Jackson, SC. Data
and results fromthe Ft. Jackson work will be used to illustrate
the features of the HEATER system

FT. JACKSON TEST SITE

Ft. Jackson, SC is served by three central energy plants (CEP)
CEP1l is located in Building 2288 and produces nedi um tenperature
hot water at a pressure of 1370 kPa (200 psig) and a tenperature
of 115EC (240EF). The distribution systemfrom CEP1 consi sts of
both shal |l ow concrete trench-type piping and direct-buried
conduit-type piping. Most of the CEP1 distribution system was
installed in 1986.

CEP2 is located in Building 4333 and produces high tenperature
hot water at a pressure of 2415 kPa (350 psig) and a tenperature
of 196EC (385EF). The distribution systemfrom CEP2 consi sts of
both shal |l ow concrete trench-type piping and direct-buried
conduit-type piping. Mst of the CEP2 distribution system was
installed in 1987.

CEP3 is located in Building 1699 and produces nedi um tenperature
hot water at a pressure of 1370 kPa (200 psig) and a tenperature
of 115EC (240EF). The distribution systemfrom CEP3 consi sts
nostly of shallow concrete trench-type piping with sone direct-
buried conduit-type piping. Mst of the CEP3 distribution system
was installed in either 1988 or 1992.

HEATER | NVENTORY

The first step in mai ntenance managenent is to determ ne what
needs to be managed. This is done by preparing an inventory,
which is a physical description of the facility systemthat is
bei ng managed. An inventory answers questions such as AWat
facilities do |I have?0 and AHow much/ how many are there?i To
create the inventory, the facility systemis broken down into
subconponents or sections for which M& R decisions wll be nade.
Descriptive data are then coll ected about each section or
subconponent. This information typically does not change with
time (unless the section is replaced) and may include attributes



such as location, size, material of construction, and date of
installation. A map may al so be included as part of the
i nventory.

For HDSs, the inventory consists of pipe sections and nodes.
Nodes nmay be further subdivided into manhol es and branch
takeoffs. The first step in inplenenting HEATER is to define the
HDS in terns of these conponents. This process begins with an
Aut oCAD map (.DWG file) of the HDS. The pipes and nodes are
defined first in the Heat Map program Each manhol e and branch
takeoff is given a unique node identification that consists of 1
to 4 al phanuneric characters. The pipes that connect the nodes
are also given identifiers that may have up to eight characters.
Figure 2 shows a portion of the Ft. Jackson HDS from CEP2 as
represented in Heat Map with the pipes and nodes identifi ed.

The next step is to collect and enter descriptive data about each
itemin the inventory. The HeatMap program automatically
measures and stores the length of each pipe. It allows the user
to input other fundanental data about the pipes, such as their

di aneter and estimated heat transfer coefficient. It stores the
information that is needed for flow, pressure, and tenperature
cal cul ations throughout the system

Storage of the detailed pipe and node information that is
required for mai ntenance is done in the HEATER dat abases. Wen a
new HEATER dat abase is created, the basic inventory information
that was created in HeatMap is inported into HEATER

The mai n HEATER screen is shown in Figure 3. The screen is

di splaying Ft. Jackson:s CEP3. The HEATER screen is divided into
three sections. The section on the |eft displays a A S-based map
of the HDS. The section in the upper right displays a tree-type
inventory navigation tool (simlar to the Mcrosoft Wndows 95
Explorer). The section in the lower right displays the screen
for the task that the user has sel ected, such as inventory,

i nspection, or prediction nodeling.

Once the HEATER fil es have been created, the user may enter
inventory data about each pipe in the distribution system The
user first selects a pipe by pointing to it on the map or by
pointing to its nane on the Atreel navigation tool. The user
then enters data about the pipe section. (One record is entered
for each pipe). Each section may have one or nore expansion
joints, steamtraps, valves, pipe supports, and/or pipe anchors
associated with it. Users may enter data about these
subconponents associated with the currently sel ected pipe section
by clicking on the appropriate tab on the screen. For exanple,
Figure 4 shows the screen that appears when the user clicks on

t he APi pe support(@ tab. The user would then enter information



about the pipe supports that are associated with the pipe of
interest. Using tabbed screens to display data enables a | arge
anount of information to be displayed on a single screen.

The next step is to enter additional information about the system
manhol es. As before, the user selects the manhol e or node of
interest fromthe map or fromthe navigation tool. One record is
entered for each manhole (Figure 5). Each manhole typically has
many subconponents. These may include | adders, sunp punps, high
wat er al arnms, internal piping, pipe supports, pipe anchors,
expansion joints, steamtraps, valves, wall penetrations, and a
cover. Users may enter data about the subconponents associ ated

wi th each manhol e by clicking on the appropriate tab on the
screen.

HEATER | NSPECTI ON

The inspection is a consistent, repeatable procedure for
gathering the data needed to determine the condition of each item
in the inventory. The procedures are designed so that the
results are as i ndependent as possible fromthe subjective

j udgenents of the individual inspector.

| nspection usually involves the docunentation of Adistresses{
(defects or indicators of problens), the severity of the

di stress, and the quantity of the distress. EMS inspections may
i nvol ve in-situ non-destructive testing, visual inspections, and/
or | aboratory testing.

HEATER has a two-stage inspection process. The network-1evel

i nspection includes both visual and sinple field testing
procedures. It flags conponents where M&R is required, provides
a rough estimate of the condition of the system conponents, and
identifies conponents that require nore extensive inspection
before their condition can be determ ned. For exanple, the
network | evel inspection distresses for manhol e end plate
assenblies are shown in Table 1.

Proj ect-level inspection includes nore expensive and/or
conplicated techniques to establish the condition of conponents
that cannot be readily evaluated with network | evel techniques.
For exanple, conduit pressure testing is a project-I|evel

t echni que.

A network-Ievel inspection was perforned at Ft. Jackson. The
results reveal ed severe degradation in sone areas of the CEP2
di stribution system



HEATER CONDI TI ON ASSESSMENT

Condi ti on assessnent is the process of interpreting the results
of the inspection. In nost EMSs, this is done by neans of a
condition index (Cl), which is a quantifiable, repeatable neasure
of facility health that is calculated fromthe inspection data.
The CI is expressed on a scale of 0 to 100, with 100
representing a facility in new, perfect condition and O
representing a facility that is conpletely failed. The C

provi des a common | anguage for conparison of diverse facilities.

HEATER contains Cls for the various HDS conponents. Condition

i ndexes are assigned based on the results of the inspection.
Table 1 shows an exanple of this, again using the manhole end

pl ate assenblies as an exanple. Inspection and condition index
data may be entered into the HEATER dat abase for pipes, manhol es,
and their associ ated subconponents. Figure 8 shows the manhol e

i nspection data entry screen.

In addition, the user may al so perform a Heat Map anal ysis of
pressure, flow, tenperature, and heat |oss. Figure 7 shows a
partial printout of the HeatMap results for CEP3.

HEATER CONDI TI ON PREDI CTI ON

Condition prediction is a method for forecasting the future
condition index of itens in the inventory so that repair and
repl acenent decisions may be tined correctly.

Sonme EMSs may provide a set of prediction nodels that have been
devel oped froma statistically significant nunber of data points,
whil e others may provide users with the tools to build
installation-specific nodels using their own dat a.

Very general condition prediction nodels have been devel oped for
each type of HDS based upon case studies. The nodels predict the
degradation of condition versus tine. Further devel opnent on the
nodel s is planned so that the effects of soil chemstry,
tenperature, and other influencing factors can be incorporated.
HEATER al so i ncl udes the EMS shared tool for AMfamly curve(
predi ction nodeling, which allows users to build their own
prediction curves frominstallation-specific data (Figure 8).
Model s may be built from any subset of data. For exanple, users
may Wi sh to calculate a prediction nodel for pipes of a specific
type or material (such as direct buried piping wwth a steel
casi ng) .



HEATER M & R REQUI REMENTS | DENTI FI CATI ON AND WORK PLANNI NG

M& R requirenent identification is a procedure for determ ning
the work that needs to be done to the facility system based on
the findings of the previously described elenments. Mst EMSs can
provi de both annual and | ong-range work plans that are
constrai ned either by budget or by m ni mum acceptabl e condition.

Based upon the findings of the condition assessnent and

predi ction, the user can generate maintenance and repair

requi renent lists. HEATER allows users to anal yze various

mai nt enance options and determ ne which one will be the nost cost
effective.

To illustrate the use of HEATER in determ ning the nost cost-
effective course of action, options were analyzed for a part of
the Ft. Jackson distribution systemthat is served by CEP2. The
part that was anal yzed is conprised of 316 feet of 8-inch

di aneter piping, 290 feet of 4-inch dianeter piping, and 365 feet
of 1-inch dianmeter piping. The inspection and condition
assessnent reveal ed that these pipes were severely deteriorated
and had condition i ndexes between 10 and 30. Option #1 was to do
not hi ng now, but budget for replacenent in 5 years. Option #2
was to replace all of the deteriorated pipe imediately with a
concrete shallow trench system For both options, HEATER was
used to forecast the condition of the pipes during the next 5
years and to estimate the anount of heat that woul d be | ost
during that tinme fromthe deteriorated pipes. The calculations
showed that an additional $85,000 worth of heat would be lost if
t he repl acenent was deferred for 5 years, and that it would be
nore cost effective to replace the pipes inmediately.

THE UTI LI TIES EM5 SU TE CONCEPT

HEATER is a part of the Uilities EMS Suite. The suite wll
include: (1) "conponent" utility EMSs and (2) a set of shared
utility analysis tools. Conponent EMSs are EMSs for specific
utility systems, such as HEATER Shared tools refer to analytic
procedures that are applicable to nore than one utility and can
be used by nore than one conponent utility EMS. For exanple, the
met hod for cathodic protection (CP) evaluation is the sane for

all utilities, therefore it is nmuch nore efficient to devel op one
software tool for CP analysis that wll interface with al
conponent EMSs (instead of devel oping a separate CP anal ysis tool
for each EMS).

To hel p readers better understand the Utilities EMS Suite
concept, the suite nay be conpared with an integrated



applications suite such as Mcrosoft Ofice. Mcrosoft Ofice

i ncl udes several conponent programs: a word processor (Wrd), a
spreadsheet (Excel), presentation graphics (PowerPoint), and a
dat abase manager (Access). Each of these conmponent prograns can
be purchased and used as a stand-al one application. They also
may be used together. The user interfaces of the progranms are so
simlar that if you know how to use one of them you can learn to
use any of the others very quickly. These individual, yet

i nt eroperabl e prograns can be conpared to the individual

conponent Uilities EMSs such as HEATER M crosoft Ofice al so

i ncludes tools that may be used in several (or all) conponent
prograns--the Spell Checker, for exanple. These tools can be
conpared to the Ashared tools@ in the Utilities EMS Suite.
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